Background: The Strategy to Reduce the Incidence of Postoperative Delirium in the Elderly trial tested the hypothesis that limiting sedation during spinal anaesthesia decreases in-hospital postoperative delirium after hip fracture repair. This manuscript reports the secondary outcomes of this trial, including mortality and function.
Editor's key points
There is some evidence suggesting that deeper sedation or deeper hypnosis during general anaesthesia is causally linked to worse intermediate-term postoperative outcomes, including death. This 200-patient clinical trial, conducted in older adults undergoing surgery for hip fracture, addressed, as secondary outcomes, whether 'deeper' propofol sedation during spinal anaesthesia was associated with worse survival and ambulation ability at 1 yr after the operation. There was no significant difference between the 'lighter' vs 'deeper' sedation groups in 1-yr mortality rates (14% in both groups; adjusted hazard ratio 'lighter'/ 'deeper' ¼ 1.40; 95% confidence interval, 0.64e3.03; P¼0.40), or in the odds for return to preoperative ambulation ability (adjusted odds ratio 'lighter'/'deeper'¼0.77; 95% confidence interval, 0.31e1.96; P¼0.59). These findings do not support targeting 'lighter' vs 'deeper' sedation during hip fracture surgery under spinal anaesthesia for the prevention of 1-yr mortality or for improved 1-yr ambulation ability.
Postoperative delirium (POD) is one of the most common complications after hip fracture repair. 1 POD after hip fracture repair is associated with an increased likelihood of dependency in activities of daily living (ADLs) and instrumental activities of daily living (IADLs), 2, 3 and a higher risk of not returning to pre-fracture level of mobility. 4 Furthermore, both duration of POD 5 and POD superimposed on dementia 6 are risk factors for mortality after surgery. Given the above, interventions which decrease POD have the potential to influence both functional and mortality outcomes. One anaesthetic approach reported to decrease incident delirium is limitation of sedation depth during spinal anaesthesia. In a small clinical trial, patients undergoing spinal anaesthesia for hip fracture repair were randomly assigned to receive heavier or lighter sedation, based on a processed EEG index. Heavier sedation was found to be a risk factor for POD on the 2nd postoperative day 7 and was associated with higher mortality in patients with greater medical comorbidity. 8 These results were hypothesis generating regarding the relationship between depth of sedation and POD. The study also raised the question whether depth of sedation influenced the intermediate-term outcomes of mortality and day-to-day function. STRIDE (A Strategy to Reduce the Incidence of Postoperative Delirium in Elderly Patients) was a randomised, twogroup, parallel, superiority trial whose principal objective was to assess heavier vs lighter sedation during spinal anaesthesia in elderly patients undergoing hip fracture repair. The primary outcome of the STRIDE trial was the incidence of delirium from postoperative day 1e5, or until hospital discharge if this occurred before day 5. These results were previously reported. 9 In short, no statistically significant difference in the incidence of postoperative in-hospital delirium was found between the groups, but a significant effect modification by level of comorbidity was observed, where lighter sedation was associated with lower in-hospital delirium incidence in patients with low preoperative comorbidity. 9 In this study, we report the following secondary pre-specified outcomes from the STRIDE trial: persistent delirium at 1 month; change in functional outcomes from preoperative baseline at 1 month and 1 yr follow-up; and mortality at 1 yr after surgery. In addition, exploratory analysis was performed to determine the independent risk factors for 1 yr mortality and return to prefracture ambulation level.
Methods

Study design and participants
Institutional review board approval was obtained for the prospective STRIDE trial on 9/27/2010 (NA_00041873 ; and 4) receiving spinal anaesthesia. The exclusion criteria included: 1) receiving general anaesthesia; 2) inability to speak or understand English; 3) severe chronic obstructive pulmonary disease or congestive heart failure; 4) refusal to give informed consent; 5) non-participating attending surgeon; 6) hip fractures in both hips on same admission; 7) repair of another fracture concurrently with the hip fracture; 8) prior hip surgery on the same hip to be repaired in the current surgery; and 9) preoperative delirium. Randomisation was stratified according to age and MMSE scores assessed before surgery.
Data collection at baseline before surgery
Before surgery, baseline ADL/IADL, MMSE, and geriatric depression score (GDS) 13 were obtained, in additional to demographic information. Evaluations using Confusion Assessment Method (CAM), 14 Delirium Rating Scale-R-98 (DRS-R-98), 15 and abbreviated digit span test (DST) were also collected at baseline.
Intervention
After enrolment and satisfactory administration of spinal anaesthesia, the patient was randomly assigned to one of two groups in blocks with equal allocation, stratified by age and MMSE at baseline. During the intraoperative period, one group had the depth of sedation [as measured by the use of the modified Observer's Assessment of Alertness/Sedation Scale (OAA/S)] maintained at an OAA/S score of 0e2. This was the heavier sedation group. Patients in the other group had the depth of sedation maintained at an OAA/S score of 3e5. This was the lighter sedation group. The propofol was titrated individually for each participant to achieve and maintain the depth of sedation required by that participant's assigned treatment group (lighter or heavier sedation). The depth of sedation for all participants was measured by the OAA/S, administered every 15 min during the surgery, and the bispectral index (BIS) was also recorded. The BIS monitor readout was covered throughout the surgery so that the study anaesthesiologist/anaesthetist remained masked to the BIS values while administering propofol. The BIS readings served as an independent measure of the level of adherence to the trial interventions. BIS monitoring was not used as the primary means of determining depth of sedation because of its known limitations in terms of signal quality in the sedated state. 16 Outcomes at 1 month and 1-yr follow-up
Both 1 month and 1-yr post-surgery assessments were done in person. At both 1 month and 1 yr follow-up, GDS, ADL/IADL, hand grip strength, 3-m walking speed, and timed chair rise were documented. Patients and outcome assessors were masked to the randomisation assignment. Patients were also assessed for delirium and delirium severity at 1 month after operation. Delirium was evaluated using validated instruments including the CAM, MMSE, Abbreviated DST, and DRS-R-98, followed by case-by-case diagnostic adjudication by the Delirium Consensus Panel. Delirium was defined in this study by criteria for delirium presented in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) 17 as assessed on the CAM (see protocol in supplemental material of Li and colleagues 10 for details). Members of the consensus panel and research personnel carrying out the data collections and diagnosis adjudications were all masked to the randomisation assignment. Mortality outcome assessment was done through regular phone contact with family members and search of the National Death Index, Social Security Death index, and obituaries, and exact date of death was ascertained. Time to death from the surgery date was calculated based on date of death.
Statistical power
STRIDE was powered to detect hypothesised intervention effect on the primary outcome of postoperative delirium from POD 1 to 5 or discharge, whichever occurred first, where 200 patients were randomised with equal allocation to the two intervention groups. In a prior, smaller randomised controlled trial, the KaplaneMeier estimate for 1 yr mortality was 31.5% for the deep sedation group and 17.3% for the light sedation group. 7 With the larger sample size of 200 patients in the STRIDE trial, and the assumptions of 31.5% mortality by 1 yr in the heavier sedation group and proportional hazards between groups, the current trial had 80% power to detect a 15.5% or more absolute reduction in 1 yr mortality, the main secondary outcome, in the lighter sedation group using a two-sided log rank test with alpha of 0.05. We anticipated complete followup on mortality outcome at 1 yr after randomisation.
Statistical analysis
All analyses on intervention effects were conducted with the intention-to-treat principle. The statistical analysis plan for these secondary analyses was finalised and approved by the steering committee before the main trial results were known. Exploratory analyses were also conducted to evaluate potential impact of in hospital POD on mortality and functional outcomes over 1 yr after surgery, and to explore for other predictors of outcomes in this patient population.
Mortality at 1 yr
To examine the difference in cumulative mortality between the intervention groups, KaplaneMeier analysis was used to estimate the non-parametric 1 yr survival curves for both intervention groups. The difference between the two survival curves was tested using the log-rank test. The relative risk of 1 yr mortality comparing the heavier sedation with the lighter sedation intervention group was evaluated through estimated hazard ratios from the semi-parametric Cox proportional hazards model, with corresponding confidence intervals. The main model used intervention group assignment as the primary predictor and included the stratification variables of age and MMSE at baseline as covariates. Additional models were constructed to explore for the potential impact of interaction between intervention and baseline Charlson co-morbidity index (CCI), and baseline and in-hospital POD-related (e.g. incident cases, number of days with POD, mean DRS-R-98 severity score) variables as potential independent predictors, on the mortality outcome during the 1 yr follow-up. The proportional hazards assumption was evaluated by examining the intervention group by survival time interaction term in the proportional hazards model and by examining the Schoenfeld residuals.
Functional outcomes over time
Return to pre-fracture ambulation level was used as the primary functional outcome of interest based on the ability to obtain measurements at all three time points (baseline, 1 month, and 1 yr) and its importance in patient-centred outcomes. Ambulation level was derived from the ADL and was coded as follows: 1) goes about grounds or city; 2) ambulates within residence or about one block distant; 3) ambulates with assistance of another person, railing, cane, walker, wheelchair; 4) sits unsupported in chair or wheelchair, but cannot propel self without help; and 5) bedridden more than half the time.
Separate logistic regression models were constructed for regaining pre-fracture ambulation at 1 month and at 1 yr using the intervention group assignment as the primary predictor variable. The models included the stratification variables of age and MMSE at baseline as covariates. Variables collected before operation, during operation, or during the 1 month follow-up assessments were used in multivariable modelling as appropriate. For example, ambulation level at baseline was adjusted for in the model to account for the varying degrees of difficulty to regain ambulation associated to the levels at baseline [e.g. it would be a lot more difficult for patients at level 1 (goes about grounds or city) at baseline to return to that level of ambulation at 12 months than patients at level 5 (bedridden more than half the time) at baseline to regain the same level of function 1 yr later]. The adjusted odds ratio estimates were derived from the models, and adjusted relative risk estimates and 95% confidence intervals (CI) for the corresponding estimates computed.
Results
Baseline characteristics and clinical course up to 30 days after surgery (Table 1) , and there were no significant baseline differences between groups. Briefly, the study cohort consisted of 200 participants characterised by mean age of 82 [standard deviation (SD), 8] yr, 73% female, 97% white, CCI score of 1.5 (1.8), and baseline MMSE of 24 (4). Most participants had ASA physical status of 3 or higher. The individual components of the CCI having a 10% or greater incidence included: diabetes without end organ damage, chronic obstructive pulmonary disease, cerebrovascular disease, myocardial infarction, congestive heart failure, and dementia. Twelve percent of patients were admitted to ICU after surgery. In the first 30 days after surgery, there was a 23% readmission rate with renal and cardiovascular complications being most common. Six patients, with even distribution across the heavier and lighter groups, died within 30 days after surgery. There was good separation of interventional groups intraoperatively by both modified OAA/S [4.1 (0.9) vs 0.2 (0.9); lighter vs heavier, respectively; P<0.001] and BIS [82.3 (9.4) vs 57.0 (14.8); lighter vs heavier, respectively; P<0.001]. The overall in-hospital delirium incidence was 36.5%; 39% vs 34% in heavier and lighter sedation groups, respectively. The incidence of persistent delirium at 1 month was low (2% overall) and not significantly different between intervention groups [one/96 (1%) and three/97 (3%) in lighter and heavier groups, respectively]. Additional study patient characteristics and their breakdown by interventional group have been previously reported. (Table 2 ).
Follow-up
There were 28 deaths (14 each arm), one refusal (lighter), and 10 (n¼6 in lighter sedation and n¼4 in heavier sedation) incomplete ambulation data at 1 yr. Ability to perform individual functional tests (grip strength, timed 10-m walk, timed chair rise) varied by test
1-yr mortality
Intention-to-treat analysis showed no significant difference between intervention groups in mortality up to 1 yr (Figure 2 , log rank P¼0.96). Analysis using Cox proportional hazard model estimated the hazard ratio of 1 yr mortality for lighter vs heavier sedation being 0.85 (95% CI, 0.44e1.97) after accounting for age and MMSE scores, the variables used for stratified randomisation. There was no statistically significant effect modification of intervention effect on 1-yr mortality by baseline CCI (P-interaction¼0.44).
Factors associated with survival at 1 yr after surgery (Supplementary Table S1 ) included higher BMI, MMSE, and ADLs/IADLs, and lower baseline CCI. In addition, differences in baseline place of residence and postoperative ICU status were apparent between survivors and non-survivors. Neither the occurrence of in-hospital POD, complications within the 1 month postoperative period, nor any intraoperative variable studied was associated with 1-yr mortality. Regression analysis showed that the independent risk factors for 1 yr mortality in this hip fracture cohort included low baseline BMI, and incremental increases in CCI and incremental decreases in IADL. Inhospital delirium severity was a mortality risk factor (Table 3) , but not incidence. The mean BIS value during surgery was not a significant 1-yr predictor of mortality in multivariable modelling (P¼0.70). No significant interaction was found between baseline CCI and intraoperative BIS in determining 1-yr mortality (P¼0.68 for interaction) (see Supplementary Table S2 ).
Functional outcome
Among the survivors, patients' ambulation level at 1 yr was improved/unchanged, worse, or not obtained in 64%, 30%, and 6% of participants, respectively, compared with their prefracture levels. Ambulation status at 1-yr follow-up (Supplementary Table S3 ) was associated with baseline IADL, BMI, CCI, and level of education. The odds of regaining prefracture ambulation level was not significantly different between intervention groups. No intraoperative variables were associated with ambulatory status at 1 yr. Given that the likelihood of regaining pre-fracture ambulation level is greatly influenced by the patients' ambulatory level at baseline, multivariable logistic regression analysis on odds of regaining vs worsening of pre-fracture was adjusted for the level of prefracture ambulation. After multiple adjustment, odds of regaining pre-fracture ambulation level was still not different between intervention groups (Table 4) . Independent predictors of returning to pre-fracture ambulatory status at 1 yr in this patient population included baseline CCI and in-hospital delirium. As expected, poorer level of pre-fracture ambulation was associated with a greater likelihood of regaining or improving ambulation from pre-fracture function at 1 yr.
No statistically significant difference between intervention groups in any other functional outcome measured at either 1 or 12 months after surgery was observed ( Table 2) . At 1 month after surgery, patients' ADL and IADL levels had not returned to their corresponding baseline levels. Although 94% of the patients were able to complete the grip strength test for the dominant hand at 1 month, about 33% and 45% of all patients evaluated could not perform chair rise and 3-m walk, respectively, with higher proportions observed in the heavier compared with the lighter sedation group (37% vs 28%
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Lighter n=100 In-hospital outcome data n=100 In-hospital outcome data n=100 for chair rise, and 51% vs 41% for walking). On average, improvement in functional outcomes occurred from 1 to 12 months in all measurements except grip strength. However, patients whose ambulation had worsened from pre-fracture status at 12 months had lower ADL/IADL scores and slower timed chair rise/3-m walk in comparison with those participants demonstrating return to pre-fracture ambulatory status at 12 months. (3) 128 (64.0) 59 (59.0) 69 (69.0) Systemic disease that is a constant threat to life (4) 11 ( Unsafe/unable to perform n¼26 (28%) n¼35 (37%) n¼8 (10%) n¼9 (11%) Tested, mean (SD) 2.7 (3.1), n¼68 3.2 (6.2), n¼59 1.8 (1.1), n¼69 1.9 (1.5), n¼72 Timed 3 m walk (s) Unsafe/unable to perform n¼39 (41%) n¼48 (51%) n¼9 (11%) n¼11 (13%) Tested, mean (SD) 10.6 (6.7), n¼55 9.7 (5.8), n¼46 6.7 (3.2), n¼68 6.6 (3.0), n¼70
Discussion
This study reports the secondary outcomes of the STRIDE trial. When comparing heavier vs lighter sedation during spinal anaesthesia for hip fracture repair, there was no significant difference between study groups in delirium incidence at 30 days, functional outcomes at 12 month follow-up, and 1 yr mortality. These results are reassuring in that level of intraoperative sedation comparable with those studied in STRIDE is probably not associated with worsened functional outcomes or increased mortality up to 1 yr after surgery. Hip fracture repair is associated with high postoperative mortality. Large case series report a 5.1% 30-day mortality 18 and 25% 1 yr mortality, 19 with a mean survival of 3.75 yr (95% CI, 3.13e4.54). 20 The 14% 1-yr mortality in the current study is comparable with other prospective hip fracture series, 21 but lower than the smaller randomised trial conducted by members of the same research team as the STRIDE study. 8 Exclusion criteria (severe dementia and medications which prevent the safe administration of spinal anaesthesia) were similar between these studies. However, anaesthetic management in STRIDE was performed exclusively by four senior anaesthesiologists and may have contributed to the different findings in the two studies. In addition, as discussed below, ongoing changes in management of hip fractures occurred at our institution over the time period of the two trials. The baseline risk factors of low BMI, 22 incremental IADL decreases, 23 and incremental CCI increases 24 for 1 yr mortality was not observed, possibly owing to our predominantly female population. As the use of intraoperative EEG-based depth of anaesthesia monitoring has become commonplace, several observational case series report an association between deeper anaesthesia levels and mortality. 25 However, it is unclear whether this link represents an epiphenomenon, where deeper anaesthesia is merely a marker of poor prognosis, particularly as these studies have not assessed for individual sensitivity to anaesthetics. We found that neither interventional group nor individual BIS values were risk factors for 1 yr mortality. Furthermore, it is unlikely that anaesthetic depth management alone would influence 1-yr mortality given that patients in this age group and undergoing this type of surgery would likely have other events after the index surgery that may influence longer term survival. Our bias is that if any differences were to be found, they might assert themselves in the first 30 days after surgery. We report 30-day complications in Table 1 and show no difference between intervention groups. These results are in keeping with a recent metaanalysis showing no difference in 30-day mortality comparing regional and general anaesthesia techniques following hip fracture repair. 26 For this reason, we further investigated other predictors of 1-yr mortality and reported them in the manuscript. Of note, we found, as others have, that severity of POD in hospital was predictive of mortality at 1 yr, after multivariable adjustment. Heavier vs lighter sedation levels during hip fracture repair under spinal anaesthesia have been associated with higher mortality in patients with CCI score >4. 8 STRIDE found no interaction between interventional group and CCI for 1-yr mortality. The reasons behind study outcome differences are complicated, but could be explained by ongoing changes in practice as evidenced by the shorter time to surgery, shorter hospitalisation after surgery, and fewer ICU days in the STRIDE trial compared with the previous, smaller trial. In addition, the incidence of pulmonary and cardiovascular complications was higher in subjects with CCI>4 comparing heavier vs lighter sedation in the previous trial, 8 whereas no difference was found between treatment arms in STRIDE.
Neither the occurrence of POD nor days of POD in hospital were predictors of 1-yr mortality in STRIDE. Similarly, previous studies have found that, when accounting for confounders, incident delirium was not an independent risk factor for intermediate-term mortality. 20, 27 However, several deliriumassociated characteristics do appear to be associated with mortality. 28 Specific to surgical patients, trend-level associations between delirium severity and 6 month mortality after hip fracture repair 29 have been reported, but STRIDE is the first study to demonstrate statistically significant relationships between POD severity and 1 yr mortality. Participants with lower pre-fracture ambulation level had greater odds of maintaining level of function by 1 yr compared with participants with a higher pre-fracture ambulation level. This indicates a floor effect in terms of return to function with poorer pre-fracture ambulation status and is consistent with previous reports documenting decreased odds of change in ambulatory status as pre-fracture ambulatory function decreases. 4, 30 Other studies have reported an association between poor recovery of ambulation after hip fracture repair and CCI 24, 31 and delirium episodes, 4 similar to the STRIDE results.
Limitations
1) The sample size of STRIDE was based on the hypothesised intervention effect on the primary outcome of delirium incidence during postoperative day 1e5, or to hospital discharge. Because mortality was the secondary outcome of greatest interest, the minimal size of intervention effect on mortality that could be detected after sample size determination was evaluated. However, there was no formal determination of sample size requirements in relation to any secondary outcomes. In addition, most of the modelling with adjustment was done for exploratory purposes, so there were also no power calculations for these. 2) A single site trial limits generalisability. 3) Exclusion of participants with MMSE <15 may have limited the sample to a more cognitively intact cohort than the usual hip fracture population. 4) Exclusion of anticoagulant users may have biased towards a population with fewer cardiovascular risk factors. 5) Pre-fracture walking ability was assessed by patient and family interview, and may be subject to bias. consensus panel using all available data. 4) STRIDE was a large enough study to detect a clinically important 15% difference in mortality between treatment groups.
Conclusions
In planning the STRIDE trial, the mechanisms studied focused on intermediate-term effects of delirium and its relationship to both mortality and function. The intervention did not affect overall delirium incidence in hospital, nor did it affect the intermediate-term outcomes studied. Yet, the importance of POD was still apparent when analysing factors associated with mortality and function. In addition, the same theme emerges throughout both the short-and intermediate-term study results, and that is the role of underlying comorbidity in determining not only incident delirium in hospital, but intermediate-term outcomes as well. Although the intervention did not produce an overall decrease in delirium incidence or intermediate-term outcomes in the elderly hip fracture population, it is hoped that reporting the other covariates important in determining intermediate-term outcomes will help to stimulate further work focusing on perioperative management based on comorbidity as a possible means of preventing POD or reducing delirium severity, and thus improving surgical outcomes in the elderly. Nonetheless, the STRIDE results provide reassurance for the anaesthesiologist managing hip fracture patients. Particularly for 1-yr mortality, given the ongoing controversy surrounding the association between anaesthetic depth and mortality, the STRIDE interventional groups had similar outcomes. Furthermore, the heavier levels of sedation studied in STRIDE were not extreme and are consistent with current practice in the USA. 32 In conclusion, the results from this analysis show that there is no difference in mortality or return to ambulation 1 yr after hip fracture surgery in elderly patients receiving heavier and lighter intraoperative sedation.
